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Description 

METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE AND SUBSTRATE 

PR OCESSING APPARATUS 

Technical Field 

The present Invention relates to a method of 
manufacturing a semiconductor device and a substrate 
processing apparatus for forming a conductive metal film on 
a substrate. 

Background Art 

In order to obtain a storage charge capacity for a DRAM 
capacitor associated with its microminiaturization , Increase 
in a dielectric constant of a capacitor insulating film and 
metallization of a lower or upper electrode have been actively 
studied. Candidates of materials therefor may include Ta*O a , 
BST <<Ba f Sr)T10 3 ), and PZT <(Fb, Zr)Ti0 3 ), which have high 
dielectric constants, as a capacitor insulating film, and 
precious metal such as Ru, Pt and/or Ir, which are resistant 
to oxidizing and exhibit conductivity even when oxidized, or 
the oxide thereof as an electrode. In order to obtain a high 
storage charge capacity, a cylinder type capacitor electrode 
having high aspect ratio is currently a main stream. Therefore, 
all of the films containing TIN and/ or TaN, which are barrier 
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metal films, are required to be excellent In step coverage. 
As a method for forming a film, trend is toward thermal CVD 
excellent in step coverage from conventional sputtering. In 
the thermal CVD, reaction of an organic metal liquid source 
and oxygen -containing gas or nitrogen-containing gas is used. 

Generally , when a conductive metal film is formed by 
thermal CVD by using gas obtained by vaporizing an organic 
source for further improving step coverage, a manufacturing 
process needs to be conducted at lower temperature. However, 
by lowering temperature, a large amount of carbon and/ or oxygen 
in the organic source remains as impurities in the metal film, 
which deteriorates the electric characteristic . Furthermore , 
due to heat treatment (annealing) in a later process to be 
performed for crystallization, for example, gas dlsorption of 
the impurities may occur, which may cause film-peeling. 
Furthermore , as for several organic sources such as an Ru source , 
there is a report that incubation time is Increased, thereby 
posing a problem that productivity is inferior. Furthermore, 
manufacture of a conductive metal film having a good 
characteristic by using an existing substrate processing 
apparatus Is not easy. 

in order to overcome the problems of the above -described 
conventional technologies, an object of the present invention 
is to provide a method of manufacturing a semiconductor 
apparatus having a good characteristic and high productivity 
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and a substrate processing apparatus capable of forming a 
conductive metal film having good characteristics by easy 
manufacture. 

Disclosure of the Invention 

In order to solve the aforementioned problems, the 
present Invention takes several aspects as follows, a first 
aspect of the present Invention provides a manufacturing method 
of a semiconductor device, comprising: 

In a first aspect, a manufacturing method of a 
semiconductor device comprises the steps of: 

supplying gas obtained by vaporizing an organic source 
to a substratei and thereafter 

supplying gas excited by plasma for forming a conductive 
metal film* 

Here , the conductive metal film also Includes a 
conductive metal oxide film. A conductive metal film can be 
formed by supplying the gas obtained by vaporising the organic 
source organic source to a substrate and then supplying gas 
excited by plasma to react with the gas obtained by vaporizing 
the organic source. In the metal film, elements in an organic 
source captured as impurities into the film can be reduced by 
an action of plasma-excited-gas and the electric 
characteristic does not deteriorate even when the process 
temperature is reduced. Thus, improvement for film quality 
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after the film formation is not required. Furthermore, film 
peeling due to impurities may not occur easily even when 
annealed after the film formation. Furthermore, since a film 
is formed by supplying source gas and then supplying 
plasma-excited-gas to cause a complete surface reaction, no 
incubation time occurs. Thus, good productivity can be 
achieved. Furthermore, a metal film having good step coverage 
can be formed. Therefore, a conductive metal film having good 
characteristics and high productivity oan be formed. 

In a second aspect, the method of manufacturing the 
semiconductor device according to the first aspect of the 
invention is provided, wherein 

the source gas supplying step and the excited- gas 
supplying step are repeated multiple times* 

Since the source gas step and the excited- gas supplying 
step are repeated multiple times, a film thickness oan be 
controlled and a metal film having a predetermined thickness 
can be formed easily. Since impurities in a film can be removed 
every time plasma-excited-gas is supplied, improvement for 
film quality after the film formation is not required , thus 
allowing the processing to be easy. Furthermore, since a 
conductive metal film is formed by repeating the supply of 
source gas and the supply of plasma- excited- gas from the 
beginning to the end. a unif ozm conductive metal film from which 
impurities are effectively and uniformly removed over the 
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entire film can be formed. 

In a third aspect , the method of manufacturing the 
semiconductor device according to the second aspect of the 
invention is provided, wherein 

the total film thickness of the conductive metal film 
Is 20 to 50nm. If the film is formed having the film thickness 
of 20 to SOnra, the conductive metal film is suitable for an 
electrode t When the film thickness is smaller than 20 ixm, 
function of the electrode is deteriorated or sufficient 
strength can not be kept, and this is not preferable. 
Furthermore, when the film thickness is larger than SOnra. 
micromlnlatuarlzatlon Is inhibited, and this is not 
preferable . 

In a forth aspect, the method of manufacturing the 
semiconductor device according to the first aspect of the 
invention is provided, wherein 

an annealing process is performed without a film quality 
improving process for removing Impurities in the film after 
film formation. Since impurities in a film can be removed by 
the excited-gas supplying step, annealing can be performed 
without improving the film quality, thereby further improving 
productivity . 

In a fifth aspect, the method of manufacturing the 
semiconductor device according to the first aspect of the 
present invention is provided, wherein oxygen containing gas 
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or nitrogen containing gas Is excited by plasma and the gas 
thus excited by plasma Is supplied In the excited-gas supplying 
step. 

When the oxygen containing gas or the nitrogen 
containing gas Is excited by plasma and supplied In the 
excited-gas supplying step, a conductive metal -oxide film or 
metal-nitride film having a lower amount of impurities in the 
film can be formed. 

In a sixth aspect, the method of manufacturing the 
semiconductor device according to the flrat aspect of the 
present Invention is provided, wherein 

at least one kind of gas selected from a group of O a , 
N 3 O r Ar, H a , N 2 and NH) is excited by plasma and supplied in 
the excited-gas supplying step. While oxygen 0 2 Is generally 
supplied as an oxidizing agent, the above -described 
oxygen- containing gas N 2 Q, inert gas Ar, hydrogen H 2 , nitrogen 
U 2 or nitrogen-containing gas NH 3 may also be excited and 
supplied to an organic source supplied to the substrate instead 
of oxygen 0 a , thus facilitating decomposition of the source 
and proceeding film-forming reaction. 

In a seventh aspect, the method of manufacturing the 
semiconductor device according to the first aspect of the 
invention is provided, wherein the gas obtained by vaporizing 
the organic source Is supplied to the substrate and adsorbed 
on the substrate In the source gas supplying step, and the gas 
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excited by plasma Is supplied to the substrate and the gas Is 
caused to reaot with the organic source adsorbed on the 
substrate, thereby forming the film in the excited -gas 
supplying step. 

In the source gas supplying step, only the gas obtained 
by vaporizing the organic source is supplied to the substrate, 
thereby allowing the source to be adsorbed on the substrate 
with the reaction suppressed. Here, when plasma-excited-gas 
is supplied in the excited-gas supplying step, the source 
adsorbed on the substrate is decomposed. Then, the decomposed 
source reacts with plasma -excited- gas to form a film. In this 
film- forming stage, a surface reaction is caused in such a way 
that the plasma excited- gas reacts with the source which is 
adsorbed on the substrate surface, generating no incubation 
time, and therefore such a manufacturing method is superior 
in productivity. In addition, gas species exited by plasma has 
high reactivity. Thus, by combining with elements such as 
carbon, oxygen and nitrogen contained in the organic source 
as impurities, the impurities in the film are formed into gas, 
thereby reducing an amount of the impurities in the film. 
Therefore , improving the film quality is not required for the 
film formed in the excited-gas supplying step, and the film 
obtained after film formation is not peeled by annealing. 

In an eighth aspect, the method of manufacturing the 
semiconductor device according to the first aspect of the 
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invention is provided, further comprising a step of replacing 
gas between the source gas supplying step and the excited- gas 
supplying step* 

Here, the gas used for gas replacement is preferably 
non-reactive gas , which does not react with vaporised gas . The 
gas replacement also Includes evacuation. When the step of 
gas replacement is provided between the source gas supplying 
step and the excited*- gas supplying step, the simultaneous 
existence of the gas obtained by vaporizing the organic source 
and the plasma -excited- gas can be prevented in an atmosphere. 
Thus, the generation of particles can be prevented. 
Furthermore, when inert gas such as N a is used as non-reactive 
gas for the gas replacement , an amount of adsorption of the 
gas obtained by vaporizing the organic source on the substrate 
can be made uniform. 

In a ninth aspect, the method of manufacturing the 
semiconductor device according to the second aspect of the 
invention is provided, further comprising the step of: 

Performing gas replacement between the source gas 
supplying step and the excited- gas supplying step or between 
the excited- gas supplying step and the source gas supplying 
step. Here, the gas used for the gas replacement is preferably 
non-reactive gas, which neither reacts with vaporized gas nor 
reacts with excited- gas. The gas replacement also includes 
evacuation. When the step of performing gas replacement is 
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provided between the source gas supplying step and the 
excited-gas supplying step or after the source gas supplying 
step and after the excited-gas supplying step, the simultaneous 
existence of the gas obtained by vaporizing the organic source 
and plasma-excited-gas can be prevented in an atmosphere. 
Thus, the generation of particles can be prevented. 
Furthermore, when inert gas such as N 2 is used as non- reactive 
gas for the gas replacement, the amount of adsorption of the 
gas obtained by vaporizing the organic source into the 
substrate is made uniform. 

In a tenth aspect, the method of manufacturing the 
semiconductor device according to the first aspect of the 
invention is provided, wherein the conductive metal film is 
a capacitor electrode or a barrier metal film. When a 
conductive metal film is applied to the capacitor electrode 
or the barrier metal film for prevention of diffusion, a 
cylindrical electrode having superior step coverage and high 
aspect ratio can be realized. 

In an eleventh aspect, the method of manufacturing the 
semiconductor device according to the first aspect of the 
invention is provided wherein the conductive metal film is any 
one of the films selected from the group of an Ru film, an Ru0 2 
film, a Pt film, an Ir film, an lr0 2 film, a TIN film and a 
TaN film. When the conductive metal film is formed by precious 
metal or the oxide or a Ti or Ta nitride as described above. 
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a capacitor having MIM (Metal Insulator Metal) structure of 
the next generation can be formed. Thus, a storage charge 
capacity of a DRAM can be ensured. Especially, when the 
conductive metal film is a capacitor electrode, the capacitor 
electrode with low resistance is obtained, and the storage 
charge capacity associated with microminiaturization of the 
DRAM can be ensured. 

In a twelfth aspect, the method of manufacturing the 
semiconductor device according to the first aspect of the 
invention is provided, wherein the organic source supplied in 
the source gas supplying step is any one of the elements 
selected from the group of Ru ( C 2 HsC 5 H 4 ) 2 • 

( bisethylcyclbpentadienylruthehlum) , ( Ru(EtGp) 2 for short ) , 
Ru ( C5H3 ) ( C4H«C 5 H 4 ) , ( but ylr ut henocene ) , Rut CH3COCHCO ( CH a ) 3 CH 3 1 3 , 
( tris 2 , 4 octanedionatoruthenium) , Ru ( C 2 H S C S H4 ) ( ( CH 3 ) C5H3 ) , 
(2,4 dimethylpentadienylethylcyclopentadienylruthenium) , 
(Ru(OD) 3 for short), and Ru(C 7 H 6 ) (C 7 Hn0 2 ) . and the conductive 
metal film is an Ru film or an Ru0 2 film, When the source gas 
adsorbed on the substrate can be decomposed by 
plasma- excited- gas, the above-described oxygen 0 2 , 
oxygen -containing gas N 2 0, nitrogen N 2# hydrogen H 2 or inert 
gas Ar can be used in the excited- gas supplying step. 

In a thirteenth aspect , the method of manufacturing the 
semiconductor device according to the first aspect of the 
invention is provided, wherein the organic source supplied in 
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the source gas supplying step Is any one of the elements 
selected form the group of Ti[OCH<CH3) 2 ]4, Ti(OCHaCH 3 ) 4 . 
Ti [ N ( CH 3 ) 2 ] 4 , and T1[N( CH 3 CH 2 ) a ] 4 . and the conductive metal film 
is a TIN film. When the source gas adsorbed on the substrate 
can be decomposed by plasma-excited-gas , NH 3 , Ar, H* or N a gas 
can be used in the excited- gas supplying step. 

In a fourteenth aspect , the method of manufacturing the 
semiconductor device according to the first aspect of the 
invention is provided , wherein the organic source to be 
supplied in the source gas supplying step is Ta(C 2 H 5 0)s, and 
the conductive metal film is a TaN film. When the source gas 
adsorbed on a substrate can be decomposed by plasma- excited- gas , 
NH 3 , Ar, H 3 or N 2 gas can be used in the excited-gas suppl ying 
step. 

In a fifteenth aspect , the method of manufacturing the 
semiconductor device according to the first aspect of the 
invention is provided, wherein the source gas supplying step 
and the excited- gas supplying step are performed at the 
temperature of 250 to 350°C and with the pressure of 0.1 to 
several Torr. Since the film is formed at the low temperature 
of 250 to 350°C and with the low pressure of 0.1 to several 
Torr, the metal film excellent in step coverage and having 
desired film quality characteristics can be obtained. 

In a sixteenth aspect , a method of manufacturing a 
semiconductor device Is provided, comprising: 
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an initial film- forming step of forming a conductive 
metal film on a substrate? and 

a main film-forming step of forming a conductive metal 
film on the film formed in the initial film-forming step, 

the initial film-forming step comprising: 

a source gas supplying step of supplying gas obtained 
by vaporizing the organic source to the substrate; and 
therafter 

an excited- gas supplying step of supplying gas excited 
by plasma, and 

the main film- forming step, comprising: 
a step of simultaneously supplying gas obtained by 
vaporizing the organic source and oxygen -containing gas or 
nitrogen-containing gas not excited by plasma. 

Here, the oxygen -containing gas also Includes oxygen gas* 
The nitrogen-containing gas also includes nitrogen gas. By 
performing the initial film- forming step by using the first 
or second aspect of the present Invention, no incubation time 
occurs in the initial film-forming step. Furthermore, since 
the main film- forming step is performed for forming the same 
film as the film formed in the initial film- forming step as 
a base, no incubation time occurs also in the main film- forming 
step. Furthermore, since the main film-forming Btep is 
performed by using thermal CVD, the film-forming speed can be 
improved and the productivity can be further improved by 
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repeating the supply of source gas and the supply of 
plasma-excited-gas from the beginning to the end in comparison 
with a case that a conductive metal film is formed. 

Also in the sixteenth aspect of the present invention 
including the initial film- forming step and the main 
film-forming step, improvement of the film quality is not 
required for the film formed in the initial film-forming step, 
in the same way as the film of the fourth aspect of the present 
invention . Thus , even when the improvement of the film quality 
is required for the film formed by thermal CVD in the main 
film- forming step, the productivity can be improved. When the 
improvement of the film quality is not required for the film 
formed by thermal CVD in the main film -forming step, the 
productivity can be further improved compared with a case that 
the film is formed by only the same method as that of the initial 
film- forming step. 

In a seventeenth aspect, the method of manufacturing the 
semiconductor device according to the sixteenth aspect of the 
invention is provided, wherein film thickness of the film in 
the Initial film-forming step is 5 to 15nm,and the film 
thickness of the film formed in the main film- forming step is 
20 to 40nm. 

When the film having the film thickness of 5 to 15nm is 
formed in the initial film-forming step, preferably a stable 
Interface film can be formed with good productivity. When the 
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film thickness Is smaller than 5 nra, a stable Interface film 
cannot be formed. Meanwhile, when the film thickness is larger 
than 15nm, the productivity is deteriorated, When the film 
having the film thickness of 20 to 40nm is formed in the main 
film- forming step, preferably a desired thickness having 
mechanical strength in total can be formed with good 
productivity. When the film thickness is smaller than 20 nm, 
the strength cannot be maintained. Meanwhile, when thft -Film 
thickness is larger than 40nm, the productivity is 
deteriorated . 

In an eighteenth aspect , the method of manufacturing the 
semiconductor device according to the sixteenth aspect of the 
Invention is provided, wherein the main f ilm-f ormihg step is 
a step of forming the film by thermal CVD, and the initial 
film- forming step and the main film-forming step are performed 
at the same temperature. Here, in order to perform the initial 
film- forming step and the main film- forming step by thermal 
CVD at the same temperature, the Initial film- formation may 
be performed at the temperature at which the film can be formed 
by thermal CVD. When the initial film- forming step and the 
main film- forming step axe performed at the same temperature, 
temperature reducing and rising operation for the substrate 
that requires time can be eliminated when the processing is 
advanced from the initial film-forming step to the main 
film-forming step, thereby significantly improving the 
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productivity. Particularly, when the initial film- forming 
step and the main f ilm-f orraing step are performed in the same 
processing chamber, the initial film- formation and the main 
film- formation can be performed continuously. Thus, the 
productivity can be further improved, and the manufacturing 
cost can be reduced. 

In a Nineteenth aspect, the method of manufacturing the 
semiconductor device according to the sixteenth aspect of the 
invention is provided, wherein the initial film-forming step 
and the main film-forming step are performed at the temperature 
of 250°C to 350°C. The temperature of 250°C to 350°C is the 
temperature at which the film can be formed by thermal CVD, 
and, when the initial film- forming step is performed at the 
same temperature as the aforementioned temperature, the 
initial film- formation and the main film- formation can be 
performed easily at the same temperature. Thus, the electric 
characteristic and productivity of the film can be 

In a twentieth aspect a substrate processing apparatus 
is provided, comprising: 

a processing chamber for processing a substrate; 

a heater for heating the substrate in the processing 
chamber ; 

a source gas supply port for supplying an organic source 
gas for forming a conductive metal film in the processing 
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chamber; 

an exciting unit for exciting gas by plasma; 

an excited-gas supplying port for supplying the gas 
excited by plasma into the pxocesslng chamber; 

an exhaust port for exhausting interior of the processing 
chamber; and 

a control unit for controlling the gas excited by plasma 
so as to be supplied to the substrate after organic source gas 
is supplied to the substrate* 

When the conductive metal film is formed by using the 
substrate processing apparatus having the control unit for 
controlling so that the gas excited by plasma is supplied to 
the substrate after the gas obtained by vaporizing the organic 
source is supplied to the substrate, the method of 
manufacturing the semiconductor apparatus of the first aspect 
of the present Invention can be automated, thereby further 
facilitating the operation. When providing a control unit for 
controlling so that the supply of the gas obtained by vaporizing 
the organic source and the supply of plasma-excited-gas are 
repeated multiple times, the method of manufacturing the 
semiconductor device of the second aspect of the present 
invention can be performed easily. Furthermore, after 
film-formation, when providing a control unit for controlling 
so that the annealing process is performed without performing 
the film quality improving process , the method of manufacturing 
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the semiconductor device of the fourth aspect of the present 
Invention can be performed easily. Furthermore, when 
providing a control unit for controlling so that the main 
film- formation is performed by thermal CVD after the initial 
film- formation in which the supply of source gas and the supply 
of excited-gas are repeated once or multiple times , the method 
of manufacturing the semiconductor device of the sixteenth 
aspect of the present invention can be performed easily. 

Next, the aforementioned method of manufacturing the 
semiconductor device of the present invention will be more 
specifically by dividing the methods into two methods of a first 
method for repeating the supply of source gas and the supply 
of plasma- excited » gas and a second method for performing the 
main film-forming process by thermal CVP after the initial 
film- forming process for repeating the supply of source gas 
and the supply of plasma -excited- gas once or multiple times. 

In the first method, the metal film is formed by repeating 
the supply of source gas and the supply of excited- gas from 
the beginning to the end as follows i 

(1) First of all, the organic source such as 
Ru(C 2 HsC 5 H4)2 (bisethylcyclopentadienylruthenlumt (Ru(EtCp) 2 , 
for short) is vaporized by a vaporizer and is supplied onto 
the substrate in a processing chamber along with carrier gas. 
Here, the source gas is adsorbed on the substrate surface with 
good step coverage. 
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(2) Next, the gas 1b replaced by purging the residual 
gas obtained by vaporizing the organic source in the processing 
chamber by inert gas such as N 2 gas or exhausting the interior 
of the processing chamber by evacuation through an exhaust pipe. 
Thus, vapor-phase source gas is exhausted, and the reaction 
on the substrate surface is mainly progressed. 

(3) Thereafter, plasma-excited- gas such as oxygen 
excited by plasma is supplied. Here, the source adsorbed on 
the substrate surface reacts with the gas such as excited oxygen, 
and the film is formed on the surface of the substrate. 

(4) Furthermore, the residual gas such as oxygen in 
the processing chamber is purged by the inert gas such as N 2 
gas or replaced by evacuation. 

The film is formed in a stepwise manner by repeating the 
steps (1) to (4) from the beginning to the end- In this case, 
the film is formed generally at the substrate temperature of 
250QC to 350°C, with the pressure of 0.1 to several tens Torr, 
and within several minutes of gas supply time. 

Next, in the second method , the initial film-forming step 
is performed by the above -de scribed first method. Then, in 
the main film- forming step to be performed thereafter, gas such 
as oxygen -containing gas or nitrogen- containing gas not 
excited by plasma and the gas obtained by vaporizing the organic 
source such as Ru(EtCp) 2 are supplied simultaneously so that 
the film can be formed by the well-known thermal CVD. In this 
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case, the film is formed generally at the substrate temperature 
of 250QC to 350°C, with pressure of 0.1 to Beveral tens Torr, 
and within 1 to 5 minutes of gas supply time. In the second 
method/ the fist method Is applied only to the initial 
film- formation, that is, to the formation of an interface layer 
only on the substrate. 

Brief Description of the Drawings 

Fig. 1 is a flowchart for describing process steps 
according to a first embodiment. 

Fig. 2 is a timing chart for describing the process steps 
according to the first embodiment. 

Fig. 3 is a flowchart for describing process steps 
according to a second embodiment. 

Fig. 4 Is a timing chart for describing the process steps 
according to the second embodiment. 

Fig. 5 is a schematic block diagram for describing an 
example of a single wafer thermal CVD apparatus according to 
an embodiment. 

Fig. 6 is a section diagram showing a part of a DRAM 
including a lower electrode film, an upper electrode film and 
a barrier metal film to be formed by using a manufacturing 
method according to an embodiment. 

1 Substrate 

4 Heater Unit 
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Heater 

Processing Chamber 
Exhaust Pipe (Exhaust Port) 
Plasma Generator (Exciting Unit) 
Source Gas Pipe (Source Gas Supply Port) 
Plasma Exciting Pipe (Excited-gas Supplying Port) 
Control Apparatus 

Best Mode for Carrying Out the Invention 

Embodiments of the invention will be described below. 

Fig- 5 is a schematic diagram showing a construction 
example of a single-wafer thermal CVD apparatus . which can be 
used as a substrate processing apparatus for performing a 
method of the present invention. The single-wafer thermal CVD 
apparatus Includes a processing chamber 5 for forming a 
conductive metal film on a substrate such as a silicon wafer. 
A gate valve 2 is provided at a side opening of the processing 
chamber 5, and a substrate 1 is conveyed from/to the processing 
chamber through the gate valve 2 by using a conveying robot 
(not shown). A susceptor 31 supporting the substrate 1 is 
provided in the processing chamber 5. The susceptor 31 is 
Integrally provided on a heater unit 4 In which a heater 4a 
for heating the substrate 1 Is equipped. The heater unit 4 
is installed so as to go up and down by an elevator (not shown) 
and also in a rotatable manner as needed In the processing 
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chamber. The heater unit 4 is lowered to the position 
indicated by the solid line in conveying the substrate . Thus , 
a thrust pin 3 projects from a surface of the susceptor 31 so 
as to support the substrate 1. The heater unit 4 goes up to 
the position indicated by the dashed line during film formation, 
and, the thrust pin 3 is sunk under the surf ace of the susceptor, 
so that the susceptor 31 supports the substrate 1. The heater 
unit 4 is controlled by a temperature control partl7 and heats 
the substrate 1 on the susceptor 31 to a predetermined 
temperature. 

A showerhead 32 is provided at the upper part of the 
processing chamber. The showerhead 32 includes a diffusion 
plate 7 , a buffer space 33 . and a shower plate a. The diffusion 
plate 7 diffuses gas supplied to the showerhead 32 . The buffer 
space 33 allows the diffused gas to be dispersed. The shower 
plate 8 has many holes to spray the gas into the processing 
chamber 5. An exhaust pipe 9 is connected to the lower part 
of the processing chamber 5 . The exhaust pipe 9 functions as 
an exhaust port exhausting the interior of the processing 
chamber 5. Pressure in the processing chamber 5 is adjusted 
by controlling an exhaust pipe conductance controller 18 
provided in the exhaust pipe 9 by the control apparatus 60. 

Pipes of two systems for supplying the gas are connected 
to the showerhead 32 . One of the pipes is a source gas pipe 
40 for supplying source gas for a metal film. The other pipe 
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Is a plasma- excited- gas pipe 50 for supplying 
plasma-excited-gas . thereby facilitating the decomposition of 
a source . The source gas pipe 40 is a pipe unifying three pipes 
of a vaporized gas pipe 41. an inert gas pipe 42 and a source 
decomposed gas pipe 43. The vaporized gas pipe 41 supplies 
(Ru(CaHsC 5 H 4 )2 (Ru(EtCp) 2 for short) gas, which is the gas 
obtained by vaporizing the organic liquid source. The inert 
gas pipe 42 supplies nitrogen gas. The source-decomposed gas 
pipe 43 supplies oxygen gas. Thus, gas flowing these pipes 
can be supplied to the showerhead 32. The three pipes 41 to 
43 include opening and closing valves 6 . 10 and 16 . respectively. 
The Ru(EtCp) 2 gas is generated by vaporizing Ru(EtCp) 2 , which 
is an organic liquid source, by a vaporizer, not shown. A 
source gas supply port is constituted of at least the source 
gas pipe 40 and the shower head 32. Moreover, an excited-gas 
supply port is constituted of the plasma-exoited-ges pipe 50 
and the showerhead 32. 

The plasma -excited- gas pipe 50 is connected to the plasma 
generator 11 as a remote plasma exciting unit. The plasma 
exalted-gas pipe 50 supplies plasma excited- gas generated by 
the plasma generator 11 to the showerhead 32. A carrier gas 
pipe 51 and a branch pipe 52 are connected to the plasma 
generator 11. The carrier gas pipe 51 supplies argon as 
carrier gas. The branch pipe 52 branches off from the 
source -decomposed gas pipe 43. Thus, the plasma generator 11 
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excites oxygen gas supplied from the branch pipe 52 by plasma 
ana promotes the activation of plasma with argon supplied from 
the carrier gas pipe 51 to the plasma generator 11, A bypass 
pipe 53 and an inert gas pipe 54 are branched off from the 
plasma- excited- gas pipe 50- The bypass pipe 53 is provided 
in the upstream of the valve 14 of the plasma excited-gas pipe 
50 , while the inert gas pipe 54 is provided in the downstream. 
The bypass pipe 53 functions to let the plasma excited-gas out 
from the plasma generator 11, while the inert gas pipe 54 
functions to prevent backf low of the source gas by supplying 
nitrogen N a gas. Opening and closing valves 14, 12 and 13 are 
provided for the excited-gas pipe 50, the bypass pipe 53 and 
the inert gas pipe 54, respectively. In the same way as the 
plasma excited- gas pipe 50 in which the bypass pipe 53 for 
letting the plasma excited-gas out is provided, the bypass pipe 
for letting Ru(EtCp) 2 gas out from the vaporiser not shown may 
be provided in the upstream of the valve 6 of the vaporized 
gas pipe 41. 

The opening/closing of the opening and closing valves 
6, 10 and 16 and 12 to 14 are controlled by the control unit 
60. Flow controllers (MFC) 22, 21, 20 and 19 are provided for 
the four pipes 41 to 43 and 51 to control the flow of the gas 
flowing through the pipes 41 to 43 and 51. The control is 
performed by the control unit 60. 

A method of manufacturing the semiconductor device 
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Including a atep of forming a conductive metal film by using 
a single-wafer thermal CVD apparatus having the 
above -described structure will bo described based on a case 
that an Ru film Is formed on a substrate, for example. Here, 
two embodiments will be described with respect to a case that 
Ru(BtCp)a gas Is used as the gas obtained by vaporizing the 
organic liquid source and oxygen Is used as the gas excited 
by plasma and the gas not excited by plasma. 
(Embodiment 1) 

Fig. 1 shows a flowchart according to Embodiment 1 for 
forming films by repeatedly supplying source gas and supplying 
plasma-excited oxygen once or multiple times. 

in Fig. 5, the silicon substrate 1 is conveyed by a 
conveying robot (not shown) Into the processing chamber 5 
through the gate valve 2 and Is placed on the thrust pins 3 
projecting from the heater unit 4 when lowered. The substrate 
1 is moved from the thrust pins 3 onto the susceptor 31 by 
raising the heater unit 4 to a predetermined film formation 
position (position indicated by the dashed line) by an elevator 
(not shown). The heater unit 4 is controlled by the 
temperature control unit 17, and the substrate 1 Is heated 
through the susceptor 31 for a predetermined period of time. 
Here, the substrate temperature Is maintained at 250°C to 350°C. 
The exhaust pipe conductance controller 18 Is controlled by 
the control unit 60, to exhaust the interior of the processing 
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chamber 5 from the exhaust pipe 9. Thus, the pressure value 
In the processing chamber Is stabilized at 0 . 1 to several tens 
of Torr (13.3 to several thousands of Pa) . At this stage, the 
valves 6, 12, 14 and 16 are all closed under the control of 
the control unit 60. The valves 10 and 13 are opened to keep 
the exhausted condition, while supplying N 2 all the time into 
the processing chamber 5. After the pressure is stabilized, 
the valve 6 of the vaporized gas pipe 41 is opened to exhaust 
the interior of the processing chamber from the exhaust pipe 
9, while supplying Ru(EtCp) 2 gas, which is a source gas, (also 
simply called Ru source gas or source gas, hereinafter) from 
the vaporized gas pipe 41 into the processing chamber 5 through 
the showerhead 32, and the source gas is thereby adsorbed on 
the substrate 1 (step 101) . This step corresponds to a source 
gas supplying step. 

Next, the valve 6 of the vaporized gas pipe 41 Is closed 
so that the evacuation can be performed for a predetermined 
period of time. Alternatively, the valve 10 of the inert gas 
pipe 42 is closed so that the gas replacement In the processing 
chamber 5 can be performed by nitrogen N 2 purging for a 
predetermined period of time so as to remove Ru(EtCp) 2 gas 
therefrom (step 102) . The step corresponds to a gas 
replacement step. 

During the evacuation or gas replacement, argon and 
oxygen are supplied from the carrier gas pipe 51 and the branch 
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pipe 52, respectively, to the plasma generator 11 so that oxygen 
can be excited by plasma. By opening the valve 12 of the bypass 
pipe 53, the excited oxygen is exhausted through the bypass 
pipe 53 so as to bypass the processing chamber 5. As described 
above, if the plasma excited oxygen is previously exhausted 
from the bypass pipe 53 during the gas replacement, the 
plasma- excited oxygen can be immediately supplied to the 
substrate by only switching the valves 12 and 14, at the time 
of supplying the plasma- excited- gas. thereby improving the 
throughput. Furthermore, by opening the valve 13 of the inert 
gas pipe 54 and supplying nitrogen N 2 gas to the showerhead 
32 during the gas replacement, the backflow (or reverse 
diffusion) of Ru(EtCp) 2 gas to the plasma-exclted-gas pipe 50 
and adhesion of Ru(EtCp) 2 gas to the inside of the 
plasma-exclted-gas pipe 50 can be prevented. Furthermore, the 
film-formation resulting from the reaction of the Ru(EtCp) 2 
gas and residual oxygen in the plasma-exclted-gas pipe 50 can 
be prevented. Note that even when a bypass pipe for letting 
Ru(EtCp) 2 gas out to the upstream of the valve 6 of the vaporized 
gas pipe 41 is provided, and if the gas is previously exhausted 
through the bypass pipe during gas replacement (step 104), as 
will be described later, the source gas can be Immediately 
supplied only by switching the flow of the gas at the time ; of 
supplying the source gas, thereby improving the throughput. 
Next, the valve 12 of the bypass pipe 53 and the valve 
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13 of the Inert gas pipe 54 are both closed, and the valve 14 
of the plasma -excited- gas pipe 50 Is opened. Then, 
plasma- excited oxygen excited by the plasma generator 11 Is 
supplied to the substrate In the processing chamber 5 through 
the showerhead 32, and an Ru film Is formed thereon (step 103) 
as a result* Specifically, by causing a reaction of highly 
responsive plasma-excited Oxygen and a source adsorbed on the 
substrate, the Ru film Is formed. The step as described above 
corresponds to an excited-gas supplying step. In this 
condition, when the evacuation Is performed by the gas 
replacement in the aforementioned step 102, the valve 10 of 
the inert gas pipe 42 Is closed. When the gas replacement Is 
performed by nitrogen N 2 purging, the valve 10 is kept op*h. 
Then, by supplying nitrogen gas from the inert gas pipe 42 to 
the showerhead 32, the film- formation resulting from the 
backflow (reverse-diffusion) of the plasma-excited oxygen to 
the source gas pipe 40 and the reaction of the plasma -excited 
oxygen and Ru(EtCp) 2 gas in the source gas pipe 40 can be 
prevented. 

Next, the valve 10 of the inert gas pipe 42 and the valve 

14 of the plasma-excited-gas pipe 50 are closed so that the 
evacuation of the processing chamber 5 can be performed for 
a predetermined period of time. Alternatively, the valve 10 
of the inert gas pipe is opened so that the gas replacement 
In the processing chamber 5 can be performed by U 2 purging. 
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Whereby the plasma -excited oxygen Is let out (step 104) . The 
step corresponds to a gas replacement step. 

By repeating a cycle Including the steps 101 to 104 
Including the source gas supplying step and the excited- gas 
supplying step (step 105), the Ru film having a desired 
thickness is formed. The number of cycles is once or plural 
times (n) . The film thickness obtained by repeating the cycles 
is 20 to 50 nm. 

Note that, while a single-wafer thermal CVD apparatus 
is in operation, preferably inert gas such as nitrogen gas is 
always supplied into the processing chamber 5 . The inert gas 
is allowed to flow continuously not only when the substrate 
is carried in, the temperature of the substrate rises , and heat 
treatment is applied after the temperature is raised, but also 
when the gas obtained by vaporizing the organic source is 
supplied and the plasma excited oxygen Is supplied. Therefore, 
preferably either valve 10 or valve 13 Is opened before the 
substrate is carried in, and the Inert gas is always supplied 
from either Inert gas pipe 42 or 54 into the processing chamber 
5. Thus, a purge condition Is made in the processing chamber 
5 all the time by the inert gas, thereby preventing particles 
and contaminants from adhering to the substrate, and the source 
gas thus adhered to the exhaust pipe 9 from reversely diffusing 
into the processing chamber, or oil from a vacuum pump not shown 
from reversely diffusing into the processing chamber. 
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Fig. 2 shows a timing chart for repeating a cycle of 
[supply source gas -» gas replacement -* supply of plasma 
excited oxygen ■-** gas replacement] according to the 
above -described Embodiment 1. (a) shows a substrate 
temperature rise characteristics with time at the abscissa, 
and temperature at ordinate, (b) shows timing for supplying 
Ru source gas, (o) shows timing for supplying N 2 gas and (d) 
shows timing for supplying plasma excited oxygen, with time 
at the abscissa, and supply amount (in arbitrary units) at the 
ordinate. According to Embodiment 1, the timing for supplying 
Ru source gas is after the substrate temperature rises to a 
film- forming temperature, 250 to 350°C. The cycle is repeated 
in such a manner that the Ru source gas Is supplied at the 
above* described timing, thereafter the Ru source gas is purged 
from the processing chamber 5 by flowing the inert gas N 2 , after 
purging the Ru source gas, the plasma excited oxygen is flown, 
and thereafter the Inert gas N 2 is flown again, and the plasma 
excited oxygen Is thereby purged. The processing time 
required per one cycle base is several seconds to several 
minutes. During temperature increase of the substrate for 
raising the substrate temperature to the film- forming 
temperature, the supply of the Ru source gas may be started, 
and the cycle processing may be started during the substrate 
temperature Increase. 

The substrate temperature, pressure in the processing 
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chamber, argon flow amount, oxygen flow amount, nitrogen flow 
amount and Ru(EtCp) a flow amount In each step are adjusted to 
be desired film-forming conditions by controlling the heater 
unit 4, the exhaust pipe conductance controller 18, and the 
gas flow control apparatus 19 to 22 by the temperature control 
part 17 and the control unit €0. Upon completion of the 
film- forming step, the heater unit 4 Is lowered to a transfer 
position (position indicated by the solid line) from the 
film-forming position (position indicated by the dashed line) 
by the elevator (not shown) , and the substrate 1 is transferred 
on the trust pin 3 from the susceptor 31 during the fall of 
the substrate* The substrate 1 Is carried out to the outside 
of the processing chamber 5 via the gate valve 2 by a robot 
for carrying (not shown). 

As described above, according to Embodiment 1, after the 
gas Ru obtained by vaporizing the organic liquid source Is 
supplied to a silicon substrate in the source gas supplying 
step (step 101), oxygen excited by plasma in the excited-gas 
supplying step (step 103) is supplied thereto. Thus, the 
oxygen is reacted with the gas obtained by vaporizing the 
organic liquid source adsorbed on the substrate surface, and 
the Ru film, which is a conductive metal film is thereby formed. 

In the source gas supplying step, the gas obtained by 
vaporizing the Ru organic liquid is supplied to the substrate 
1, and the source Is thereby adsorbed on the substrate. In 
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the exoited-gas supplying step, when the plasma excited oxygen 
Is supplied to the substrate, the source adsorbed on the 
substrate 1 Is decomposed, the Ru source thus decomposed Is 
reacted with the plasma excited oxygen, and the film Is thereby 
formed. In the above -described film- forming state, the 
surface reaction Is caused In such a way that the Ru source 
is reacted with the plasma-excited oxygen, with the source 
adsorbed on the substrate surface. Therefore, the film 
formation Is progressed without generating Incubation time. 
Accordingly, productivity of the semiconductor device having 
the metal film Is Improved with good step coverage also. 

In order to Improve the step coverage in forming the Ru 
film, the process temperature is reduced to 250°C tb 350*C. 
However, since the plasma -excited oxygen has still high 
reactivity even under the low temperature, the oxygen is 
combined to elements such as carbon C, oxygen O, and hydrogen 
H contained as Impurities in the organic liquid source. Then, 
by forming the impurities thus combined Into gas, the 
impurities In the film can be removed. In other words, the 
plasma- excited oxygen functions to facilitate the 
decomposition of the source adsorbed on the substrate and also 
functions to reduce the impurities (such as C, H and O) captured 
into the film. The Ru film having a good electric 
characteristic can be obtained since impurities in the film 
are reduced. Furthermore, because of the reduction of the 
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Impurities, the film formed by the excited-gas supplying step 
does not require film quality Improvement . Furthermore , since 
annealing can be performed for crystallization without film 
quality Improvement after film formation, the film quality 
improving proces s can be omitted . thus Improving the 
productivity. In addition, film peeling due to the gas 
dlsorptlon of impurities is not caused easily even by the 
annealing after the film-formation, and the Ru film having good 
adhesiveness can be obtained. 

Furthermore, since the source gas supplying step and the 
excited-gas supplying step are repeated multiple times for 
forming the film, the Ru film having a desired thickness (20 
to 50 nm) can be formed with good controllability . Furthermore , 
since the plasma- excited-gas having an impurity removing 
effect is supplied repeatedly In the film- forming cycle, the 
Ru film can be formed, from which the impurities are effectively 
and uniformly removed in the entire body of the metal film, 
compared with a case of forming the film having a prescribed 
thickness at one time, and thereafter improving the film 
quality. 

Furthermore, since a conductive metal film Is formed by 
using a single-wafer thermal CVD apparatus having a control 
apparatus 60 controlling to supply plasma -excited oxygen onto 
the silicon substrate after the Ru source gas is supplied to 
the Bubstrate, the above -described manufacturing method of the 
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semiconductor device can be automated, thereby further 
facilitating the work. 

When the step of replacing gas by nitrogen (steps 102 
and 104) Is placed between the source gas supplying step (step 
101) and the excited-gas supplying step (step 103), or after 
the source gas supplying step (step 101) and after the 
excited-gas supplying step (step 103), the Ru source gas and 
the plasma-excited oxygen do not remain In the processing 
chamber 5, thus equalizing the amount of the Ru source gas and 
the plasma -excited oxygen supplied to the substrate, by the 
control of the flow amount control apparatus 22 and 20. 
Furthermore, since the simultaneous existence of Ru source gas 
and plasma- excited oxygen In an atmosphere of the processing 
chamber 3 can be prevented, the generation of particles can 
be prevented. Furthermore, by replacing gas after the source 
gas supplying step, such an effect as equalizing absorption 
quantity of the source gas Into the substrate Is also obtained. 

In addition, according to the embodiment 1, although the 
plasma- excited oxygen Is used for decomposing the Ru organic 
liquid source, which Is a metal film material, at a low 
temperature, the source decomposition can be facilitated and 
the film-forming reaction can be progressed even by using 
oxygen -containing gas N 2 0, nitrogen N 2 or hydrogen H 2 or Inert 
gas, and Ar gas, other than the plasma -excited oxygen O*. 

Furthermore , according to the embodiment 1, although 
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Improvement for film quality (Impurity elimination 
processing) for removing impurities (such as C, H and O) in 
the film after film formation is not retired, the 
crystallization needs to be performed. For the 

crystallization, annealing is performed at the temperature of 
400°C to 800°C in an N a or vacuum atmosphere. The annealing 
process is generally performed in a different processing 
chamber from the one for forming the film. 
(Embodiment 2) 

Next, Embodiment 2 will be described with reference to 
a flowchart in Fig ,3. Explanation will be given to an 
embodiment 2 where the film is formed by two processes of the 
process to supply the source gas arid the plasma excited oxygen 
performed once or repeated plural times, and the process by 
using the thermal CVD method- 

An initial film-forming step is a step for forming the 
film by repeating a cycle Including the source gas supplying 
step (step 301), the gas replacement step (step 302), the 
excited-gas supplying step (step 303) and the gas replacement 
step (304 The embodiment 2 has two steps of the initial 
film-forming step (step 306) and the main film-forming step 
(step 306) where the source gas and the oxygen are 
simultaneously supplied and the thermal CVD method is used. 
In the initial film- forming step, the same cycle as that of 
the embodiment 1 is executed to form a first layer up to the 
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midway part of the final film thickness (steps 301 to 305). 
The thickness of the first layer thus formed Is 5 to 15 nm. 
The number of cycle Is one time or plural times (m) . Thereafter, 
the main film-forming step Is continuously executed (step 306) 
In the same processing chamber 5, with the temperature set to 
be 250 to 350°C, which Is the same temperature as the Initial 
film-forming step, and the pressure set to be 0.1 to several 
tens Torr (13.3 to several thousands Pa). Particularly, when 
the pressure of the main film- forming step Is set to be the 
same pressure as that of the initial film- forming step, the 
pressure Is not changed, when shifting to the main film- forming 
step from the initial film-forming step. Therefore, the 
substrata temperature does hot vary, and this contributes to 
maintaining the inside of the processing chamber 5 in a stable 
atmosphere . 

In the main f ilm- forming step, the valve 14 of the 
plasma- excited- gas pipe 50 is closed. Then, the valve 10 of 
the Inert gas pipe 42 is closed, and the valve 6 of the vaporized 
gas pipe 41 is opened. Then, Ru(EtCp) 2 gas obtained by 
vaporizing the organic source is supplied to the substrate 1. 
At the same time, the valve 16 of the source -decomposed gas 
pipe 43 is opened, and oxygen gas not excited by plasma is 
supplied to the substrate 1, to form the Ru film by the thermal 
CVD method, with the remaining film thickness 20 to 40 run set 
to be as a second layer, so as to be 30 to 50 nm in total. 
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Fig. 4 shows a timing chart In which the aforementioned 
Initial film- forming step of the embodiment 2 (source gas 
supply nitrogen gas supply -» plasma excited- gas supply 
nitrogen gas replacement) is repeated ra- cycles , and thereafter , 
the main film- forming step follows. Fig* 4 Is different from 
Fig. 2 In that consecutive supplying timing of the Ru source 
gas is added to the latter half of (b), and the oxygen gas 
supplying timing (e) for continuously supplying the oxygen 0 2 
gas not excited by plasma is added in synchronization with the 
aforementioned consecutive supplying timing. The processing 
time of the initial film-forming step is 30 to 180 seconds and, 
more preferably, is 60 seconds or less. The processing time 
of the main film- forming process Is 60 to 300 seconds (1 to 
5 minutes ) . 

As described above, according to embodiment 2, before 
forming the film by the thermal CVD method in the main 
film- forming step, the film Is formed in the initial 
film- forming step where the source gas supplying step and the 
excited- gas supplying step are executed once or repeated plural 
times. Thus, no Incubation time is caused in both of the 
initial film- forming step and the main film- forming step. 
Specifically, in the initial film-forming step, the film is 
formed by source adsorption and the reaction by the plasma 
excited-gas (complete surface reaction), no incubation time 
occurs. Since the main film- forming step is the step of 
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forming the Ru film using the Ru film as an underlying layer 
(film formation for forming the same film as the underlying 
layer), no Incubation time occurs. Furthermore, In the main 
film-forming step, the thermal CVD method Is used for forming 
the film. This contributes to Improving the deposition rate, 
thereby Improving the productivity, compared with a case of 
forming the conductive metal film by repeating the source gas 
supply and the plasma excited- gas supply from the beginning 
to the end* 

When the Initial film-forming step and the main 
film-forming step are performed at the same temperature , 
rise/fall temperature operation requiring time Is eliminated 
In shifting from the initial film-forming step to the main 
film-forming step. Thus, the productivity can be 
significantly improved. In addition, by setting the 
temperature equalized in the same processing chamber, the 
initial film formation and the main film formation can be 
continuously executed. Thus, the production cost can be 
reduced. Particularly, since the temperature of 250°C to 3 50°C 
is a temperature at which the film formation is enabled by the 
thermal CVD method, and when the initial film- format ion is 
performed at the above temperature, the initial film-formation 
and the main film- formation can be performed at the same 
temperature easily. Thus, the productivity of the Ru film can 
be significantly improved. 
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In addition, In some oases, the film formed by thermal 
CVD requires Improvement for film quality In the main 
film- forming step, however the film formed In the Initial 
film- forming step does not require Improvement for film quality . 
Thus, even when Improvement for film quality Is required for 
the film formed by thermal CVD In the main film-forming step, 
the total productivity can be Improved. 

Moreover, In the aforementioned embodiments 1 and 2, the 
Ru organic liquid source used In common In the Initial 
film- forming step and the main film- forming step may be 
Ru ( C5H5 ) ( C 4 H,C a H 4 ) . ( buty lruthenocene ) , Ru [ CH3COCHCO ( CH 2 ) 3CH3 ] 3 , 
(Ru(OD)s for short), Ru(C 2 H 5 C 5 H4) (<CH 3 )CsH 5 ), (2, 4 
dlmethylpehtadldnyle thy icy clopentadlenylru then ium) , or 
Ru(C 7 H B ) (C7H11O2), In place of Ru(EtCp) 2 gas. Also, In place 
of the plasma excited oxygen gas 0 2 , oxygen containing gas and 
nitrogen containing gas such as N 2 Q and Ar, H 2 or N 2 gas may 
be used. Furthermore, as the gas not excited by plasma used 
In the main film- forming step, the oxygen containing gas such 
as oxygen 0 2 and N 2 0 can be used. 

Also, In place of the Ru(EtCp) 2 suitable for a capacitor 
electrode , Tl [ ( OCH( CH 3 ) 2 ) ] 4 , Ti ( OCH 2 CH 3 ) a . Tl [ N ( CH 3 ) 2 ] 4 or 
T1[N(CH 3 CH 2 ) 2 ] 4 suitable for barrier metal may be used to form 
the film. In this case, the conductive metal film serves as 
a TIN film. Alternatively, Ta(C 2 H s O) 9 suitable as barrier 
metal may be used. In this case, the conductive metal film 
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serves as a TaN film. When the Tl or Ta- based organic metal 
source Is thus used, the organic liquid source la decomposed 
toy only plasma excitation* Therefore , NH 3 , Ar, H 2 or N a gas 
may be used as plasma-exclted-gas. N 2 , NH 3 gas or the like may 
toe used as the gas not excited by plasma. In this case, the 
conductive metal films thus obtained are the TIN film and the 
TaN film. Therefore , a barrier metal film exerting an 
excellent diffusion preventive effect can be obtained. 

Fig. 6 is a sectional view showing a part of a DRAM in 
which conductive metal film formed by using the manufacturing 
method of the semiconductor device as described above is 
applied to the barrier metal film, the upper electrode and the 
lower electrode of a capacitor. 

After a gate is formed on a silicon substrate or the 
underlying layer formed on the silicon substrate, an lnterlayer 
insulating film 100 composed of an Insulating material such 
as silicon oxide is deposited thereon. Then, a contact hole 
is opened and in the contact hole, a contact plug 101 for 
connecting with the substrate is formed. The contact plug is 
composed of polyslllcon and/or tungsten. Further, a barrier 
metal film 102 is formed by the manufacturing method according 
to the embodiment 1 or 2 so as to fill In the upper space of 
the contact plug 101 within the contact hole 107. The barrier 
metal film 102 is formed for preventing the diffusion of a 
material forming the electrode and/or an oxidizing agent to 
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the contact plug 101. 

After an inter-layer Insulating film 103 Is deposited 
on the Inter-layer Insulating film 100 having the contact hole 
107 formed with the contact plug 101 and the barrier metal film 
102 inside, the contact hole Is opened. Then, a lower 
electrode 104 is formed by the manufacturing method acqording 
to the above -described embodiment 1 or 2 on the entire surface 
of the inter-layer insulating film 103 including the contact 
hole thus opened. The surfaces of the lower electrode film 
on the inter- layer insulating film 103 and the interlayer 
insulating film 103 excluding the contact hole and inter-layer 
insulating film 103 are removed so that the cylindrical lower 
electrode 104 is exposed. When the thickness Of the lower 
electrode 104 is smaller than 20 nm, the strength of the 
cylinder cannot be maintained, resulting in tilting and 
breaking of the cylinder . When the thickness is larger than 
50 nm, a oapaoltor insulating film and the upper electrode in 
the cylinder are difficult to form. Therefore, the thickness 
is preferably set to be 20 to 50 nm. After the lower electrode 
104 is exposed, a capacitance Insulating film 105 is formed 
on the lower electrode 10 by a predetermined manufacturing 
method. Then, an upper electrode film 106 Is formed thereon 
by the manufacturing method according to the above -described 
embodiments 1 and 2. 

As described above, when the conductive metal film is 
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applied to tli© capacitor electrode or the barrier metal for 
preventing diffusion, a cylindrical electrode having low 
resistance, excellent In the step coverage, and having high 
aspect ratio can be realized. Therefore, In association with 
the microminiaturization of the DRAM, the storage charge 
capacity can be ensured. Especially, the film of the DRAM 
formed by the method according to the embodiment Is not a 
nonoonductlve metal oxide film, but a conductive metal film, 
which Is suitably used as the capacitor electrode and the 
barrier metal film. A metal film such as the DRAM can be 
appropriately selected from various kinds according to the use 
of the film. Generally, as the lower electrode or the upper 
electrode of the capacitor, Ru0 2 , Pt, Ir and/or Ir0 2 are given 
as examples, other than the Ru. Also, as the barrier metal, 
the TIN and the TaN are given as examples . In the case of the 
Ru0 2 , Pt, Ir and/or Ir0 2 , the oxygen containing gas such as 
oxygen 0 2 and N 2 0 Is supplied as the gas not excited by plasma, 
which Is used In the main film-forming process. In the case 
of the TIN and the TaN, the nitrogen -containing gas such as 
N 2 and NH 3 gas Is supplied as the gas not excited by plasma, 
which Is used In the main film forming step. It Is considered 
that in the same way as the Ru film and the Ir film, the Ru0 2 
film and the Ir0 2 film, which are conductive metal oxide films, 
are used as the capacitor electrode. Such conductive metal 
oxide films can be formed by changing deposition conditions 
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(such as oxygen concentration , temperature, and pros euro) when 
forming the Ru film and the Ir film. Furthermore , the 
conductive metal film of the present Invention can be applied 
to a gate electrode and so on in addition to the capacitor 
electrode and the barrier metal film. 

Industrial Applicability 

According to a method of the present invention, after 
gas obtained by vaporizing an organic source is supplied, 
plasma* excited- gas is supplied to form a conductive metal film, 
and a semiconductor device having superior step coverage and 
adhesiveness with high productivity can be manufactured. 
Furthermore, according to the method of the present invention, 
after the gas obtained by vaporizing the organic source is 
supplied in an initial film-forming step, plasma excited-gas 
is supplied to form the conductive metal film* Then, in a main 
film-forming step that follows thereafter, the film is formed 
by using a thermal CVD method. This contributes to improving 
deposition rate, thereby further improving the productivity. 
In addition, when a device of the present invention is used 
to form the conductive metal film, film- forming work is further 
facilitated and the metal film excellent in property can 
therefore be formed. 
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